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ABSTRACT 
This is the fifth report on the research investigation entitled 
"Development and Refinement of Load Distribution Provisions for Pre-
stressed Concrete Beam-Slab Bridges" (PennDOT 72-4). This report 
describes a very brief pilot study of the structural behavior of 
prestressed concrete beam-slab bridges, particularly live-load dis-
tribution, as affected by (1) curb-parapet sections, (2) intra-span 
diaphragms, and (3) continuity over the supports in multi-span 
structures. 
For simple span bridges, it was found that consideration of 
the longitudinal strength and stiffness of the curb-parapet sections 
yields higher values of the live-load distribution factors for ex-
terior beams and lower values for interior beams, when compared 
with distribution factors based on analyses which ignore the effects 
of the curb-parapet sections. The effect of intra-span diaphragms 
is to more evenly distribute the live load to the individual 
longitudinal beams. A diaphragm at midspan was found to be more 
effective than other combinations considered. For multi-span bridges 
constructed with longitudinal continuity over the supports, the live-
load distribution was found to be similar to the distribution in 
simple span bridges of shorter span. 
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1. INTRODUCTION 
The overall structural behavior of prestressed concrete beam-
slab bridges has been the subject of extensive research at Lehigh 
University sponsored by the Pennsylvania Department of Transportation. 
In particular, the lateral load distribution characteristics of !-
beam and spread box-beam superstructures with skewed or right supports 
has been carefully studied. The finite element method has been used 
extensively to analytically model such bridges and to accurately 
predict their response to design vehicular loading. 
Span length, roadway width, beam spacing, and skew angle have 
been found to significantly affect the lateral distribution of live 
load in prestressed concrete beam slab bridges. However, there are 
other factors which influence the overall structural behavior. 
The purpose of this report is to discuss a preliminary pilot study 
of the effects of curb-parapet sections, and intra-span diaphragms, 
as well as to extend previous studies to include continuous beam-
slab bridges. In the study, several bridge configurations were 
analyzed, and the results were compared with the results obtained 
from the field tests of four beam-slab highway bridges. 
This is the last report in a series of five reports which 
discuss current research on the structural behavior and lateral load 
distribution characteristics of prestressed concrete beam-slab 
-1-
bridges. Analytical techniques which were previously developed and 
reported were utilized to conduct the studies discussed in this 
report. Therefore, detailed explanations of the analytical proced-
ures are not presented. The practical application of finite element 
modeling and analysis is briefly discussed for each particular topic. 
Based on this limited study, preliminary conclusions are drawn 
regarding the effects of curb-parapet sections, intra-span diaphragms, 
and continuity on the structural behavior of beam-slab bridges. 
~2-
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2. CURBS, PARAPETS, AND MIDSPAN DIAPHRAGMS 
The effects of curbs, parapets, and midspan diaphragms on the 
structural behavior of prestressed concrete !-beam bridges were 
studied utilizing field test data from the Lehighton Bridge (Ref. 4) 
and the Bartonsville Bridge (Ref. 3). The Lehighton Bridge has a 
six-beam bridge superstructure and a roadway width of 36 feet. This 
bridge has a curb-parapet section on only one side. The bridge was 
initially tested with the midspan diaphragms in place. The midspan 
diaphragms were then removed for subsequent tests. The Bartonsville 
Bridge has a five-beam bridge superstructure and a roadway width of 
32 feet. This bridge has curb-parapet sections on both sides, and 
has midspan diaphragms. The two bridges were tested utilizing the 
test vehicle shown in Fig. 1. The test vehicle traversed each bridge 
over several lanes. The centers of these lanes were located directly 
over the beams and midway between the beams. 
In the actual structures, the intra-span diaphragms were cast 
after the precast beams were set in place on piers and abutments. 
The roughened top surface of the diaphragms, along with adhesion 
between the diaphragms and the slab concrete, provided a joint 
strength which enabled the development of composite behavior between 
the diaphragms and slab. The curb-parapet sections were cast after 
the slab concrete had cured. The joint between the slab and curb-
parapet sections was a cold joint similar to the joint between 
-3-
diaphragms and slab. However, the joint was strengthened by 
vertical reinforcing bars which extend from the curb into the slab. 
Field tests indicated a fully composite behavior at the joint, 
between the curb-parapet section and the slab. On the other hand, 
discontinuities resulting from vertical gaps constructed in the 
curb-parapet sections at intervals of approximately 15 feet pre-
vented complete continuous composite behavior between the slab and 
the entire curb-parapet section. This effect was included in the 
development of the analytical model. 
An analytical study was made of the effects of partially and 
fully effective curb-parapet sections. In the study, the thickness 
of the slab elements directly under the curb-parapet section was 
artifically increased to a thickness such that the area of the 
artifical part of the slab would correspond to the actual area of 
the curb-parapet section. It was found that use of a partially 
effective curb-parapet section having a cross-sectional area which 
was 50% of the actual area resulted in a close approximation of the 
behavior of the test bridges. The good agreement between the field 
test results and the analytical results using the partially effective 
curb-parapet section can be seen from the curves of Fig. 2. 
In determining the effective cross-section of the diaphragms 
relative to bonding in the lateral direction, the bridge super-
structure was first analyzed with truck loads on different lanes of 
the bridge, using the full cross-section of the diaphragms. The 
resulting maximum moment was then used in computing the effective 
moment of inertia as defined by Section 9.5.2.2 of the ACI Code 
-4-
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.(Ref. 1). For the Lehighton Bridge, the effective moment of inertia 
was computed to be 40% of the gross moment of inertia. The agreement 
between field tests and analytical predictions using the effective 
moment of inertia can be seen from the lower curves in Fig. 3a. How-
ever, for the Bartonsville Bridge, a better agreement was obtained 
using only a 20% effective moment of inertia for the diaphragms 
(Fig. 3b). In the Bartonsville and Lehighton Bridges the diaphragms 
have cross-sectional dimensions of 9" x 34" and 10" x 28", respec-
tively. From the given diaphragm dimensions, approximately 20 inches 
of the diaphragm depth was found to be effective for the two cases. 
The distribution factors for the Lehighton Bridge are given 
in Table 1 for the cases (1) without diaphragms, (2) with diaphragms 
partially effective, (3) with diaphragms effective only in shear; 
and (4) with diaphragms fully effective. The distribution factors 
are given for a design lane width of 12ft., with the edge of the 
leftmost lane at the centerline of the exterior beam (2 ft. from the 
edge of the bridge). For comparison, Table 2 gives the distribution 
factors with the leftmost lane starting at the edge of the slab. 
From the comparison, it can be seen that the distribution factors 
depend considerably on the lane locations. Further, it can be seen 
that the analytical case where diaphragms are considered to have only 
shear stiffness is practically equivalent to the case with no dia-
phragms at all. The distribution factors for the Bartonsville Bridge 
are given in Table 3. 
-5-
The effects of curb-parapet sections and midspan diaphragms on 
bridges with three specific widths can be seen in Figs. 4 through 9. 
All of the bridges have a beam spacing of 8 ft.-0 in. and a span of 
approximately 64ft. The numbers of beams are 4, 5, and 7, corre-
sponding to roadway widths of 24, 32, and 48 ft. Influence lines 
for moment are shown for the exterior and" the interior beams for 
the following cases: (a) without curb-parapet sections and midspan 
diaphragms, (b) with curb-parapet sections only, (c) with midspan 
diaphragms only, and (d) with curb-parapet sections and midspan 
diaphragms. The computed distribution factors are shown in Figs. 
10 and 11. The following observations can be made: 
1. For the loading condition which produces the design 
live load, the presence of the curb-parapet sections 
and midspan diaphragms results in less difference 
between the design moments for exterior and interior 
beams. 
2. The curb-parapet sections tend to increase the design 
live-load moments for exterior beams, and to reduce 
the design live-load moments for interior beams, when 
compared with design values for superstructures having 
no curb-parapet sections. The effects of the curb-
parapet sections are greater for narrower bridges, and 
less for wider bridges. A more extensive study would 
be required to determine whether the effects are 
significant enough to warrant consideration in live-
load distribution. 
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3. The midspan diaphragms tend to produce the same effect 
on design load moments as do the curb-parapet sections. 
(See paragraph #2 above.) Although this pilot study, 
which includes analysis of three superstructures, 
indicates that the midspan diaphragms may have a more 
pronounced effect than the curb-parapet sections, a 
more extensive study would be required to establish the 
magnitude of the effects. 
The above observations are for a specific beam spacing of 8 ft. 
and a span of 64 ft. For a closer spacing of beams, resulting in 
an increased effectiveness of the slab in the lateral distribution 
of live load, the effect of the diaphragms in distributing the load 
may be expected to decrease. However, the effect of the curb and 
parapet in increasing the participation of the exterior beams may be 
expected to become more significant. 
-7-
3. MULTIPLE DIAPHRAGMS 
Very little is known about the effect of multiple intra-span 
diaphragms within a given span of a prestressed concrete I-beam 
bridge. To investigate such a situation, a bridge with a length of 
71 ft. and a width of 36 ft. was analyzed under standard HS 20 
vehicular loading with one, two, three and four lines of diaphragms. 
The diaphragms were equally spaced at distances of 1/2, 1/3, 1/4 
and 1/5 of the span, respectively, as shown in Fig. 12. For compar-
ison, the same bridge was also analyzed without diaphragms. 
The influence lines for moment in one of the interior beams 
are shown in Fig. 13 for the five different cases. The computed dis-
tribution factors are shown in Fig. 14 and Table 4. The following 
observations can be made based on the analysis of bridges of one 
typical span and width. 
1. For the interior beams, the midspan diaphragm had the 
greatest effect in distributing the load. 
2. For this span length and beam spacing, the load was 
most effectively distributed with either a single 
midspan diaphragm or with four diaphragms spaced at 
L/5. However, the single diaphragm proved to be as 
effective as the four. 
-8-
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4. CONTINUOUS BRIDGES 
The purpose of this section is to show the effect of continuity 
on the lateral distribution of load. First, a comparison of the 
moment coefficients for a four-span continuous steel !-beam bridge 
is made between field test results and analysis. Second, a three-
span prestressed concrete continuous bridge is analyzed under 
standard HS 20 veh~cular loading. In the latter case, the load 
distribution behavior at midspan and at the support are shown and 
discassed. 
The four-span continuous bridge, which had been field tested, 
is reported in Ref. 2. The bridge is a 70'-90'-90'-70' composite 
structure with 36 in. steel !-beams, continuous over the three inter-
ior supports and simply supported at the ends. The structure is 
illustrated in Fig. 15(a). Computations were made for the beams of 
the second span. In the first loading condition, the structure was 
subjected to a University of Tennessee test vehicle traveling over 
the bridge at crawl speed. The truck had a front wheel load of 
7.2 kips, a drive wheel load of 54.3 kips, and a rear wheel load of 
71.0 kips (Fig. 16). Computations for moments were made when the 
truck was over the second span. In the second loading condition, 
static loads were placed on the structure as shown in Fig. 15(b). 
The comparison of moment percentages obtained by field test 
and analysis is shown in Table 5. Close agreement between test and 
-9-
analysis confirms the applicability of the method of analysis to 
continuous structures. It should be noted that since the loads are 
symmetric, the moment coefficients must also be symmetric. 
The second span was studied with completely fixed supports, 
with simple supports, and as a continuous span. The object of this 
procedure was to study the effect of the different boundary conditions 
on the lateral distribution of the load. The results are tabulated 
in Table 6 for the three load cases. It can be observed that the 
most uniform distribution of load occurred with the simple supports. 
Increasingly, less uniform lateral distribution of load was observed 
for the continuous span, and the least uniform lateral load distri-
bution occurred in the single span with completely fixed supports. 
The structure idealization for the three-span continuous pre-
stressed concrete I-beam bridge is shown in Fig. 17. The structure is 
a three-lane, six-beam.bridge, 36 ft. wide and loaded with standard 
HS 20 vehicles. In determining the moment coefficients at midspan 
the centroid of the truck was placed at the midpoint of the center 
span. In determining the moment coefficients at the support, a truck 
was placed on each of the first two spans. The truck was placed 
on each individual span such that the centroid of the truck load was 
at the center of the span. The finite element analyses were then 
carried out with the truck at different locations across the width 
of the bridge. 
The influence lines for moment at midspan and support for the 
exterior and interior beams are illustrated in Figs. 18, 19, and 20. 
-10-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
For the interior beams, the moment coefficients at the supports were 
slightly higher than at midspan. However for the exterior beams, the 
moment coefficients were higher at midspan. In terms of distribution 
factors, as shown in Fig. 21 and Table 7, the difference was very 
small especially when all of the lanes of the structure were loaded. 
It is of interest to note that the influence line for moment 
at midspan is nearly identical to the influence line for moment of a 
71 ft. bridge of nearly equal beam spacing. The above can be seen 
by comparing Fig. 13 and Fig. 20. This would suggest that previously 
developed expressions for live-load distribution, which are a 
function span length, could be utilized in the analysis of continuous 
bridges. However, it appears that the length used in the expres-
sions must be less than the clear span length. 
-11-
5. SPREAD BOX-BEAM BRIDGES 
The previous discussion has dealt primarily with the behavior 
of prestressed concrete I-beam bridges. In this section, analytical 
predictions are compared with field test results for two spread 
box-beam bridges. The first comparison is made with the Berwick 
Bridge which has a 90° skew (i.e. a right bridge). The second 
comparison is made with the Brookville Bridge which has a skew of 
45° but which has similar dimensions to the Berwick Bridge. Bridge 
dimensions are shown in Fig. 22. In each case, the finite element 
discretization utilizes only one web element over the depth and 
only one plate element is used across each beam width and spacing. 
5.1 Analysis of a Right Spread Box-Beam Bridge 
The field testing of the Berwick Bridge is reported in Ref. 5. 
The cross-sectional dimens~ons of the Berwick Bridge are indicated 
in Fig. 22. The bridge spa~, center-to-center of bearing, is 66ft., 
the roadway width is 28ft., and the prestressed concrete box-beams 
are equally spaced at 8'-9-3/8". The finite element discretization 
in the plan is shown in Fig. 23. The idealization of the cross 
section is shown in Fig. 24. In the analysis, the top part of the 
box-beam was included by adding its thickness to the corresponding 
plate element. The curbs and parapets were modeled by increasing 
the thickness of the overhang as shown in Fig. 24. Two methods of 
-12-
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modeling the curbs and parapets were investigated. In the first case, 
the thickness of the overhang was increased so that the resulting 
cross-sectional area was equal to the cross-sectional area of the 
curb-parapet section and the slab. In the second case, the thickness 
of the overhang was increased so that the resulting area was equal 
to 1/2 the area of the curb-parapet section plus the full area of the 
slab. The second model was investigated in an attempt to account 
for the current construction practice in which the curb-parapet 
sections are constructed with gaps at intervals of approximately 
fifteen feet along the length. 
The structure was loaded by the test vehicle shown in Fig. 1. 
The vehicle was placed at five positions in the transverse direction, 
as indicated by the lane numbers in Fig. 22. In the longitudinal 
direction, the truck was placed in the position that will produce the 
maximum live-load moment in the simple span. 
Table 8 lists the distribution coefficients at section M, which 
is the section directly under the middle axle for the two cases 
studied. The results from the tests on Plexiglass models, reported 
in Ref. 7, are also shown for comparison. The analytical results, 
based on a 50% effective curb-parapet section, agree closely with 
the field test values. A comparison of results from the field test 
and from the analysis can be seen in Fig. 25. This figure indicates 
distribution coefficients for each of the four beams for three 
different lateral locations of the test vehicle. For example, with 
the test vehicle in Lane 1, Beam A carries about 43% of the bending 
-13-
moment produced by the vehicle, Beam B 30%, Beam C 15%, and Beam D 
12%. 
The following conclusions can be made, based on the above 
comparisons: 
a) The curb-parapet sections are partially effective in 
providing longitudinal flexural stiffness. In this 
case, an assumed effectiveness of 50% yielded analytical 
results which compared favorably with the results from 
field tests. 
b) In this case, the discretization of the structure with 
six longitudinal elements, one transverse element 
for each box-beam width, and for each slab element 
between beams, gave acceptable results. 
It should be noted, however, that the results used for compar-
ison were for the overall behavior of the bridge. A finer discre-
tization would have been required in order to evaluate critical 
stress conditions in the bridge components. 
5.2 Analysis of a 45° Skew Box-Beam Bridge 
The cross-section of the Brookville Bridge is shown in Fig. 22, 
along with the cross-section of the Berwick Bridge. From the dimen-
sions indicated for each bridge, it is apparent that the cross-
sections of the two bridges are practically the same. 
The two bridges do have different skews and beam sizes. The 
Brookville Bridge has a 45° skew (Fig. 26), and the prestressed 
-14-
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concrete box-beams are 36 in. in depth. There are also minor differ-
ences in the curb-parapet sections. Other details of the Brookville 
Bridge can be found in Ref. 8. 
The idealization of the skewed box-beam structure into plate 
and web elements can be seen in Figs. 27 and 28. The modeling scheme 
used for the Berwick Bridge was also adopted in this study. The two 
methods of modeling the curb-parapet sections were again used for 
this bridge. In both analyses, moments are computed at Section I 
for interior beam C and Section E1 for exterior beam D (Fig. 27). 
The test vehicle (Fig. 1) was used to load the bridge at the 
different lane locations indicated in Fig. 1. In the longitudinal 
directions, the positions of the test vehicle were different for 
Sections I and E1 , and were dependent on the direction of the vehicle. 
For this study, the direction of the test vehicle was from left to 
right in the plan view shown in Fig. 26. The reported longitudinal 
positions that produced the maximum moment response in this direc-
tion at the skew midspan were used. 
Figure 29 shows the plot of the moment coefficients for beam 
Cat beam Section I versus the vehicle lane locations (Fig. 1). The 
moment coefficients are computed by dividing the actual beam moments 
by the elastic modulus (Ref. 8). The plot shows the results of the 
finite element analysis using fully and partially effective curb-
parapet sections and the reported field test values. A similar plot 
is drawn for Section E1 of the exterior beam in Fig. 30. Both 
figures indicate a mixed correlation between results from the two 
-15-
analyses and results from the field tests, with possibly a slight 
nod to the use of partially effective curb-parapet sections in the 
analysis. 
In the analysis, the positioning of the vehicle in the longi-
tudinal direction for each lane was a problem because the position 
which yields the maximum moment was not known initially, and would 
be expected to differ for different bridge configurations. There-
fore, a study was conducted to determine the difference between the 
moment coefficients when the vehicle was placed at the position 
which produced the maximum response, and when the middle axle was 
placed at the skew midspan. The latter choice was simply a trial 
in an attempt to determine the possibility of establishing a con-
sistent loading scheme. For Beam C in the Brookville Bridge, the 
difference in the moment coefficients between the two load positions 
can be seen in Table 9. The smallest difference in the analytical 
values occurred when the load was placed in the lane directly over 
the beam considered (Beam C). Compared with the moment coefficients 
reported from field tests, the differences in results from the two 
load positions were relatively small. 
The conclusions drawn for the right spread box-beam bridge 
(page 14) also apply to the ~kewed spread box-beam bridge. In addition, 
the load position with the drive axle at midspan may be used in lieu 
of locating the.more exact position. 
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6. CONCLUSIONS AND RECOMMENDATIONS 
Based upon the analyses discussed in this report, the following 
preliminary conclusions can be drawn regarding the effects of curb-
parapet sections, intra-span diaphragms, and continuity on the be-
havior of prestressed concrete beam-slab bridges: 
1. The curb-parapet sections act to reduce the load carried 
by interior beams and to increase the load carried by 
exterior beams. However, this effect is considerably 
diminished for wider bridges. When curbs and parapets 
are not fully continuous over the span length, they should 
be considered as partially effective in the structural 
analysis. 
2. When intra-span diaphragms are present, a vehicular live-
load is distributed more evenly to the individual beams 
of the bridge. However, when bridges which are fully 
loaded to produce maximum live-load moments, this effect 
is reduced to insignificance. In the cases studied, for 
all practical purposes, one line of diaphragms at mid-
span was quite sufficient to distribute a single vehicle 
load. Several lines of diaphragms along the span did 
not improve lateral load distribution. 
3. For continuous bridges, based on the findings discussed 
in this report, live-load bending moments should be 
-17-
determined from distribution factors developed for 
continuous beam-slab structures. 
Following are recommendations for further study: 
1. Curb-parapet sections: Further analytical studies are 
needed to establish the effectiveness of curb-parapet 
sections in contributing to the load-carrying capa-
bilities of the superstructure. The analyses could 
form the basis for a decision as to whether or not 
new specification provisions should be developed to 
cover the design and construction of these sections 
as load-carrying members. 
2. Intra-span Diaphragms: Based on this analytical study, 
as well as on the results from earlier field tests of 
in-service bridges, there is some question as to the 
effectiveness of intra-span diaphragms in distributing 
live-loads under maximum service load conditions. 
However, the superstructure behavior under live loads 
confined to one lane indicates that the primary 
value of the diaphragms may be in improving the distri-
bution of single overload vehicles. In any case, 
further studies are needed to provide a stronger basis for 
design of the diaphragms. 
3.· Continuous bridges: It appears that th~re is a strong 
need to develop specification provisions to cover live-
load distribution in continuous bridges. Currently 
. -18-
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listed provisions were developed for simple span bridges, 
and those developed most recently include the effect 
of span length. The use of clear span in these provisions 
for the design of continuous structures may yield non-
conservative values for the live-load distribution 
factors. Further analytical studies are needed to 
develop provisions which cover continuous structures. 
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TABLE 1 
l.OAD DISTRIBUTIOU FACTORS IN LEHIGHTON BRIDGE WITll AND WITHOUT DIAPHRAGMS - CASE A l 
L ... 71'-6" s "' 6'-9" 
Without Diaphragms With Diaphragms Diaphragms Diaphragms 
Loaded Beam · Partially Effective in ShearOnly Fully Effective 
Lanes 
Analytic Field Analytic Field Analytic Analytic 
Test Test 
A o. 79 0. 71 0.81 0.75 0.79 0.80 
n o. 69 0.69 0.61 0.64 o. 69 0.58 
1 c 0. 64 0.58 0.51 0.53 o. 64 0.45 D o. 62 0.62 o.so 0.59 0.62 0.45 
I,' 
~' 
E 0. 68 0.64 0.61 o. st. 0.68 0.58 
F 0.83 0.85 0.83 0.87 0.83 0.82 
I A 0.85 0.81 0.94 0.88 0.85 0.99 
n 1.01 0.99 0.96 0.98 1.01 0.94 
2 c 1.07 0.98 0.92 0.94 1.07 0.84 D 1.04 1.06 0.92 1.02 1.04 0.84 
E 1.09 1.02 1.02 0.87 1.09• 0.98 
F 1.03 1.08 1.10 1.14 1.03 1.15 
A 0.85 0.81 o. 91. 0.88 0.85 0.99 
B 1.03 1.01 1.01 1.05 1.03 1.00 
3 c 1. 20 1.10 1.11 1.06 1.20 1.06 D 1.18 1. 20 1.13 1.18 1.18 1.11 
E 1.13 1.08 1.11 0.96 1.13 1.09 
F 1.02 1.07 1.08 1.15 1.02 1.13 
1 
. Design Lane ... 12 1-011 , edge of leftmost lane starts at centerline of exterior beam A. 
----------- --------
----------~--------
I 
N 
w 
I 
1 
-----
TABLE 2 
LOAD DISTRIBUTION FACTORS IN LEHIGHTON BRIDGE WITH AND WITHOUT DIAPHRAGMS - CASE B1 
. . 
L= 71'-6" s = 6'-9" 
Without Diaphragms With Diaphragms Diaphragms Diaphragms 
Loaded Beam Partially Effective in Shear Only Fully Effective 
Lanes Analytic Field Analytic Field Analytic Analytic 
Test -:· Test 
A I 0.95 0.84 0.93 0.86 0.95 0.90 
B o. 69 0. 69 0.63 o. 65 0.69 0.61 
1 c o. 64 0.58 0.51 0.53 0.64 0.45 
D o. 62 0.63 0.51 0;59 0.63 0.45 
E o. 68 0.64 0.60 0.53 o. 68 0.56 
F 0.73 o. 77 0.75 0.79 0.73 0.76 
A 1.09 0.99 1.16 1.05 1.09 1.19 
B 1.11 1.08 1.04 1.06 1.11 1.01 
2 c 1.09 1.00 0.93 0.95 1.09 0.84 
D 1.07 1.08 0.92 1.05 1.07 0.84 
E 0.97 0.92 0.94 0.79 0.97 0.92 
F 0.85 0.93' 0.92 0.98 0.85 0.98 
A 1.06 1.00 1.12 1.05 1.06 1.16 
B 1.18 1.17 1.15 1.16 1.18 1.14 
3 c 1.25 1.17 1.18 1.13 1.25 1.13 
D 1.21 1.23 1.12 1.23 1.21 1.06 
E 0.99 0.96 0.99 0.86 o.oo 0.99 
F 0 .81+ 0.91 0.89 0.97 0.84 0.92 
Design Lane= 12'-0'', edge of leftmost 1ane starts at edge of slab. 
I 
TABLE 3 
LOAD DISTRIBUTION FAC'IURS IN BARTONSVILLE BRIDGE WITH AND WITHOUT 
CURB-PARAPET SECTIONS AND DIAPHRAGMS 
L = 68'-6" s = 8'-0" 
No. of Live Load Distribution Factors 
Loaded Beam 
(2) b (4) d (6) f Lanes (1)a (3) c (5) e 
A 0.92 0.92 0.94 0.94 0.80 0.94 
1 B 0.85 0.84 0. 71 0. 70 o. 72 0.75 
c 0.84 0.82 0.68 0.66 0.76 0.72 
A 0.97 1.00 1.08 1.10 0.85 1.06 
2 B 1.30 1.28 1.18 1.17 1.04 1.21 
~ c 1.38 1.35 1.20 1.18 1.27 1.24 
abeams and slab only. 
bbeams and slab with curbs and parapet 
cbeams and slab with diaphragms 
dbeams and slab with curbs, parapets and diaphragms 
efie1d test results with curbs, parapets and diaphragms 
£beams and slab with with only 20% effective diaphragms 
-24-
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TABLE 4 
LOAD DISTRIBUTION FACTORS IN A 36 FT. WIDE BRIDGE WITH INTRA-
SPAN DIAPHRAGMS 
L = 71 '·611 s = 7'-2" 
One Loaded Lane 
Beam 
Diaphragm Locations 
w/o 
Diaphragms at L/2 at L/3 at L/4 at L/5 
A 0.84 0.84 0.84 0.86 0.83 
B o. 76 o. 64 o. 71 o. 69 0.66 
c 0.72 0.59 0.66 0.62 0.59. 
.TWo Loaded Lanes 
Beam 
Diaphragm Locations 
w/o 
Diaphragms at L/2 at L/3 at L/4 at L/5 
A 0.92 0.94 0.96 1.00 0.97 
B 1.13 1.04 1.08 1.08 1.04 
c 1.19 1.06 1.11 1.08 1.04 
.Three Loaded Lanes 
Beam 
Diaphragm Locations 
. w/o 
Diaphragms at L/2 at L/3 at L/4 at L/5 
A 0.90 0.90 0.92 0.96 0.92 
B 1.16 1.08 1.13 1.14 1.09 
c 1.34 1.25 1.29 ·1.28 1.23 
-25-
Beam 
A 
B 
c 
D 
TABLE 5 
IDMENT COEFFICIL"lTS1 IN A FOUR-SPAN CCNTINUOUS BRIDGE 
Static Load Test Vehicular Load Test 
Beam Analytic Test2 Analytic Test2 
A 19.53 20.0 17.44 16.0 
B 30.47 29.0 32.56 33.0 
c 30.47 29.0 32.56 31.0 
D 19.53 22.0 17.44 19.0 
1 All values in percent of theoretical single beam moment. 
2From Ref. 2 
TABLE 6 
MOMENT COEFFICIENTS! IN SPAN 2 OF A FOUR-SPAN CONTINUOUS 
BRIDGE WITH CHANGES IN BOUNDARY CONDITIONS 
Static Load Vehicular Load 
Simply Continuous Fixed Simply Continuous Fixed Supported Supported 
20.49 19.53 17.11 21.55 17.44 13.19 
29.51 30.47 32.89 28.45 32.56 36.81 
29.51 30.47 32.89 28.45 32.56 36.81 
20.49 19.53 17.11 21.45 17.44 13.19 
. 
1All values in percent of theoretical single beam moment. 
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TABLE 7 
LOAD DISTRIBUTION FACTORS L.'l A SIX-BEAH CONTINUOUS BRIDGE 
L = 75'-100'-75' 
s = 7'-2" 
Number of Distribution Factors 
Loaded 
Lanes Beam At Midspan At Supports 
A o. 780 o. 785 
1 B o. 706 o. 720 
c 0.664 0.700 
A 0.882. 0.833 
2 B 1.061 1.011 
c 1.107 1.165 
A 0.884 0.855 
3 B 1.121 1.146 
c 1.268 1.308 
-27-
TABLE 8 
DISTRIBUTION COEFFICIENTS BOX-B~~ BRIDGE - SECTION M 
(BERWICK BRIDGE) 
Lane Beam 
A 
1 B 
c 
D 
A 
2 B 
c 
D 
A 
3 B 
c 
D 
(1) f 5 Re • 
( 2) Ref. 7 
Distribution Coefficients (%) 
Field Test (l) Finite Element Plexiglass Model( 2) 
43.82 42.79 
---
30.95 29.75 
---
15.02 17.53 
---
10.21 9.93 
---
33.00 32.41 
---
31.06 30.27 
---
20.85 21.51 
---
15.09 15.82 
---
21.12 23.27 25.5 
29.00 26.73 24.5 
28.88 26.73 24.5 
21.12 23.27 25.5 
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TABLE 9 
MAXIMUM MOMENT COEFFICIENTS 
45° SKEW BOX-BEAM BRIDGE - SECTION I 
(BROOKVILLE BRIDGE) 
Beam C 
Moment Coefficients (ft.-in. 2) 
Lane (1) (2) (3.) (4) 
1 0.028 0.029 0.031 0.027 
2 0.034 0.031 0.03 0.032 
3. 0.030 0.029 0.030 0.026 
4 0.019 0.024 0.023 0.016 
5 0.012 0.018 0.016 0.013 
(l)Field tests (Ref. 8) 
( 2)curb and Parap~t fully effective 
(:3)Curb and Parapet partially effective 
(4)case (3) with drive axle at midspan 
-29-
I 
I 
I 
I 
I 
I 
I 
I 
~ I ·- -- --=-- -·=;-- -- ---
9. FIGURES I 
I 
I 
I 
I 
I 
I 
I 
-30- I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·~ 
0 
1- 14' (min) ·I 14
1 
·I 
E:Q2!ZiJ ~ -~ -~l ~ ~ ~ KXX):J -~ ~ ~ 
t t ~ 
· Axle Loads : 32 k 32k Sk 
HS 20-44 Design Load Vehicle 
0 
I • 20.4' 
. ~ 
Axle Loads= 32.5k 32.3k 
Test. Vehicle 
Fig. 1 Vehicular Loadings 
-31:.... 
13.0' 
. I 
' 10.3 k 
-
60~-----.------~------~----~------~ 
o-- -6. C and P Portia lly Effective 
50 o o C and P Fully Effective 
o---i:l Field Test Results 
-te 
- 40~----~------~------~------~--~~ 
(/) 
L&J 
(!) 
<=: 
~ 30~------~------~------~----~~----~ z 
L&J 
(..) 
a: 
UJ 
a... 
~ 
z 
w 
:E 
0 
::E 
-10~----~~----~------~------~------~ I 2 4 5 6 
2 3 4 5 6 
Fig. 2 Comparison of Moment Percentages Derived from Analyses 
and Field Test Results - Lehighton Bridge 
-32-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
-I 0 ....... 0 
-
I en 1-z w 
I u u: u.. w 
0 
I (.) 1-
·z 
w 
I ~ 0 ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
50.0~------------------------------~ 
40.0 
30.0 
20.0 
10.0 
.0 
b 
• Theory, Without Diaphragms 
• Test, Without Diaphragms 
+ Test, With Diaphragms 
~ Theory, With Diaphragms 
-s.o~A~----8~----~C----~D----~E~--~F 
'Jl I :: .·. 
= 8 
Roadway Width 361-011 Span 
Beam Size- Penndot 24/45 Beam Spacing 
~· 
71 1-611 
6·- 911 
Fig. 3a Influence Lines for Moments - Lehighton Bridge 
With and Without-Diaphragms, Beam B 
-33-
50.0~-------------------------------
40.0 
-0 
........ 
8:30.0 
CJ) 
1-
z 
LI.J 
(3 
u: 
u.. 20.0 
LI.J 
0 
u 
1-
z LI.J . 
~ 10.0 
0 
~ 
.0 
-5.0 
I 1~ 
'-c ,-..... g:-,'}:-()J ----
' I .;:.. Diaphragm Composite Moment 
Of Inertia 
A B .c D 
1t I g ~ l
B 
Roadway Width 32•-o .. Span 
Beam Size AASH0-1! Beam Spacing 
E 
f 
681-611 
s•-on 
Fig. 3b Influence Lines for Moment - Bartonsville Bridge 
with Partially Effective Diaphragms, Beam B 
-34-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
50.0------~---------------------------
40.0 
-0 
0 
-
CJ) 30.0 
t-
z 
LLJ 
(.) 
lL 
lb 20.0 
0 
(.) 
t-
z 
w 
::E 10.0 
0 
~ 
.0 
• 
+With C,P And Diaphragms 
A With 0 Only 
o With C And P Only 
a Without C, P And 0 
C And P-Curbs And Parapets 
0-Diophragms 
-s.o ......... A~------e-----c....._ ____ """'"'o 
A: A I g JJ JJ 
Roadway Width 24'-o" Span 64'-o" 
Beam Size Penndot 24/45 Beam Spacing 
Fig. 4 Influence Lines for Moment, Beam A - 4-Beam 
Bridge 
-35-
s'-o" 
so.o~-------------------------------
40.0 
-~ 
0 
-:30.0 
(/) 
.... 
z 
UJ 
S:2 
u. u.20.0 
UJ 
0 
u 
.... 
z . 
UJ ~ 10.0 
0 
:E 
.0 
a Without C, P And 0 
o With C And P Only 
6. With 0 Only 
+ With C, P And 0 
b 
C And P- Curbs And Para pets 
0 ~Diaphragms 
-5.0 ~A ____ ___. __ ._B _______ __,_C _____ ___.~D 
Roadway Width 24'-011 Span 64'-0
11 
Beam Size Penndot 24/45 Beam Spacing ~-011 
Fig. 5 · Influence Lines for Moments, Beam B - 4-Beam 
Bridge 
-36-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-
I 0 ...... 0 
-(f) 
I r-z lJ.J 
(.) 
I li: u. lJ.J 0 
(.) 
I r-z 
lJ.J 
I ~ 0 ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
50.0~----~------------------------~ 
40.0 
30.0 
20.0 
10.0 
.0 
0-Diaphragms 
b 
+ With C,P And D 
6. With D Only 
o With C And P Only 
a Without C, P And D 
C And P-Curbs And 
Parapets 
-s.o~A~----~8~--------c~--------o~~~~E 
I Jt g g 
Roadway Width 321-011 
Beam Size AASHO-li 
g g 
Span sa•-sn 
Beam Spacing a•-on 
Fig. 6 Influence Lines for Moments, Beam A - 5-Beam 
Bridge · 
-3T-
I 
-0 
0 
-(I) 
~ 
z 
IJ.J 
(3 
u: 
u. 
IJ.J 
0 (.) 
~ 
z 
IJ.J 
~ 
0 
:E 
50.0,.--------.:...----------
40.0 
30.0 
20.0 
10.0 
.0 
-5.0 
I 
A 
0 
nH;; 
a Without ~, P And 0 
o With C And P Only 
tJ. With 0 Only 
+With C, P And 0 
C And P- Curbs And Parapets 
0 -Diaphragms 
B c 
J:1 E ::c 1 
D E 
TI TI 
Roadway Width 32'-0" 
Beam Size AASHO n 
Span 68'-611 
Beam Spacing 8'-0" 
Fig. 7 Influence Lines .for Moments, Beam C - 5-Beam 
Bridge 
-38-
I 
I 
I 
I 
I 
I 
I 
I 
·t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-0 
...... 
0 
-en 
1-
,;ffi 
-(.,) 
-u.. 
lL. 
UJ 
0 (.) 
1-
z 
w 
~ 
0 
:E 
50.0.--------~---~--~-
40.0 
30.0 
20.0 
10.0 
.0 
o ·Without C,P And D 
o With C And P Only 
A With D Only 
+With C,P And 0 
b 
M ;;:A,._ 
C And P-Curbs And Parapets 
D- Diaphragms 
- 5·0 ~A __ _.~B~----C~o...---D~o...---E"---_-F"---....JG · · 
Roadway Width 48'-011 Span 64'-011 
Beam Size Penndot 24/45 Beam Spacing . 8'-:-0" 
Fig. ·9 Influence Lines for ~~ments, Beam D - 7-Beam Bridge 
-40-
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I I I ' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
1.60 -
0:: 
0 
1- 1.20 1--(.) 
~ 
z 
0 
1- 0.80 1--
~ 
m 
0::: 
1-
~ 0.40 !--
0 
BEAM 
Key 
Span 
Beam Spacing 
Design Lanes 
s4•-o" 
s•-on 
2-12'-011 Wide 
a -Without Curbs, Parapets, Or Diaphragms 
b-With Curbs And Parapets Only 
c-With Diaphragms Only 
d-With Curbs, Parapets, And Diaphragms 
4-Beam Bridqe 5-Beam Bridae 
w =241 c w =32
1 
c 
,_ 
~~ 
--
,..._ 
'-~ ~~ -~--
--
,.....,..-
r-r- ~,..._ 
0 b c d 0 b c d 0 b c d 0 b c d ob c d 
A 8 A 8 c 
I I I I I I I I I I 
A 8 8 A A 8 c B A 
24ft. Wide Bridge 32 ft. Wide Bridge 
•· 
5/s.s 
Fig. 10 Distribution Factors for the 4-Beam and 5-Beam Bridges 
-41-
I 
-1::-
N 
I 
Span 64'- 0 11 Roadway Width 48'- 0" Key 
Spacing a•- 0" No. Of Beams 7 
.. 
1.60 r- -
0:: 
~ 1.20 f-
u 
~ 
z 
00.80t-
l-
::> 
en 
0:: 
t; 0.40 f--:-
0 
,-r-
,.....r-
abc d 
3 Loaded Lones 
0 b c d 0 b c d 
0 b c d 
-
r-
,_r-r-
abc d 
IIIII It 
ABC O•C B A 
4 Loaded Lones 
,-I-
~~ 
abc d 
abed 
. 
abc d 
-
5/s.s 
OL_~~ALLLL~BJJ~~C~LL~D~~·~~A~-L~B~~~C~~~D~---
BEAM BEAM 
Fig. 11 Distribution Factors for the 7-Beam Bridge 
--------------------
- .. - - - - - - - - - - ·- - - - - - -
Fig. 1:r~. Diaphragm Locations in the 6-~eam Bridge, ·71 ft. Span 
50.0 r--------------------
. 40.0 
-0 
...... 
0 
·- 30.0 
~ ;z 
·w 
(.) 
-LL tb 20.0 
0 
(.) 
1-
z 
l!.l ~ 10.0 
0 
~ 
.0 
I lfL-, 
""o--L(--.f-01 .. 
o No Diaphragms 
A Diaphragms At Lf3 
+ Diaphragms At L; 4 
x Diaphragms At Lfs 
o Diaphragms At L/2 · 
-s.o~A~----8~----~C----~D~----E~--~F 
I g 21 lc g g l1 
Roadway Width 36·-o" Span 71'-0
11 
Beam Size Penndot .24/45 Beam Spacing 7'- 2
11 
Fig._ 13 Influence.Lines for MOment, Beam C- With and 
Without Diaphragms 
-44-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
a:: 
0 
1-
2.00--
1.60 ~ 
~ 1.20-
z 
0 
1- 0.80 r-
:::> 
CD 
a:: 
..... 
CJ) 
0 0.40-
Lane I Lane.2 Lane 3 
B c c B 
71'-0 11 Span 
7'-2 II 
36'-o" 
Beam· Spacing 
Roadway Width 
Design Lanes 3 -12'- o" Wide 
[[] Without Diaphragms 
CIJ One Line Of Diaphragms At L;2 
[]] Two Lines Of Diaphragms At L;3 
[[] Three Lines Of Diaphragms At L/4 
[D Four Lines. Of Diaphragms At L;5 
r-- -r--
-
r--r--.-- -
0 I 2 3 4 0 I 2 3 4 
A B 
BEAM 
r--
--
- ~ 
0 I 2 3 4 
c 
A 
- Sts.o 
-
515.5 
- Sts.o 
- Sts.5 
- S;70 s . 
- 5117.5 
- s.o 
- 51s.5 
Fig. 14 Distribution Factors in the 6-Beam Bridge With 
and Without Diaphragms 
-45-
I 
.p-. 
0\ 
I 
ISP Span I 
70.0' 
SP 
I Span 2 
---.----
90.0 
SP 
I Span 3 SP I Span 4 SP I 
- - - - - - - - Beam A 
- - - - - - - - Beam B 
- - - - - - - - Beam C 
------- -BeamD 
90.0 70.0 
(o) Plan SP Designates The Support . 
----,.----
----~--r--t--~-----1·-
. .:1: :f: _________ _,·--+ 
-------. --. .. 
- -·-- ----
... l:._ __ 34.0' ... ,~ 13.0' _. ...... ,...... 1--9-0-.0-.- 43.0'-------:1~ 
(b) Stati~ Loading 
1
0n Span 2 + Load Positions 032" Each 
Fig. 15 4-Span Continuous, Steel Composite.'Bridge with Static Loading on Span 2 
- '- .. - - -· ·- - - - - .. - - - - - - -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
!I 
I 
I. 
I 
I 
I 
I 
' •. 
" 
, .. 
~4.5' 1 1 .. 28.0' ---1 
r::::::;' 
I I I I '· 1 
I~ 8.33' • J .. 8.33' .. , .. 8.33' . .. , 
(a) Cross Section 
7l.Ok 54.3k 7.2k 
1 l 1 1 -l 
. ~25~14 17.80'. ,4.20'1 10.85' .. 1 !Iiiii ... ., 4 
{b) UT-HS40 Axle Loads 
(c) Idealized Load, Points 
Fig. 16 . Cross Section; Test Vehicle and Load Point 
Idealization - 4-Span Contir.uou·s Bridge (Ref. 2) 
-47,-
----~·· ----------------------------------------------------------------------------------------------------------, 
I 
~ 
()) 
I 
~ s •c._ uppor t Midspan 'E:::. Support ~ 
~r-
I 
. 
_._ 
I 
"N'I : 8 (a) 12.5' = 1001 ·, 6@ 12.5' = 7.5' I JTL~._ __ J6~~~~2~.~5~·=~7~5~·---~·~1~4~--~~~~~~~----~~·-t~~~~~~--------~--~ 
a) Plan' And Discretization 
11.81' 40.67' 
;;g;; 
75' ... ,~ 1001 75' 
b) Elevation And Loading 
Fig. 17 C i Prestressed Concrete I-Beam ~ridge, 3-Span, 6-Beams, ont nuous, 
Discretization and Loading 
F 
E 
D 
c 
8 
A 
- ·- - - - - - - - - - - - - - - - - -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-0 
........ 
0 
-(/) 
.... 
z 
w 
u 
I.L. 
I.L. 
w 
0 
u 
.... 
z 
w 
::E 
0 
:E 
50.0 ,.-----------------..... 
40.0 
30.0 
20.0 
10.0 
.0 
At Midspan M 
At Support S 
S.O~A~----~B----~C------~0----~E----~F 
Roadway Width 36'-0 11 Span 75'-100'-75' 
Beam Size Penndot 24/45 Beam Spacing 7'-2" 
Fig. 18 Influence Lines for Moments at Midspan and 
Support, 6-Beam Continuous Bridge - Beam A 
-49-
50.0 ----------------------t 
40.0 
-0 
...... 
0 
-
:30.0 
CJ) 
..... 
z At Midspan M 
UJ (3 
-. u. 
u. 
UJ 
0 (.) 
..... 
z 
UJ 
:E 
0 
:E 
20.0 
10.0 
.0 
-s.o~A----~8~----C~----D~----~E----~F 
Roadway Width :36'- 0 11 
Beam Size Penndot 24/45 
Span 75'-100'-75' 
Beam Spacing 7'-i' 
Fig. 19 Influence Lines for Moments at Midspan and 
Supports, 6-Beam Continuous Bridge - Beam B 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
50.0,...--------------------, 
40.0 
-0 
...... 
0 
-
. (f) 30.0 
t--
2 
.· w 
·u 
-1.1.. tb 20.0 
0 
(.) 
t--
2 
w 
~ 10.0 
0 
~ 
.0 
At Support S 
At Midspan M 
- 5·0 ~A~----~B----~C------~D----~E----~F 
I g g ~c 
Roadway Width 36'- 0" 
Beam Size Penndot 24/45 
g g g 
Span 75'-100'-75' 
Beam Spacing 7'-211 
Fig. 20 Influence Lines for Moments at Midspan and Support, 
6-Beam Continuous Bridge - Beam C 
-51'-
I 
c:: 
0 
• r-
u 
~ 
z 
o· 
-I-
:;) 
co 
-a:: 
I-(/) 
-0 
1--
'i 
A 
2.00 f-
g g 
B C 
Span: 
Beam Spacing: 
~oodwcy Width: 
g g 
c 8 
75'-100'-75' 
1·-2 "12" ·····•· 
36'-o .. 
I 1 I One Loaded Lane 
I 2 I Two Loaded Lones 
I 3 I Three Loaded Lones 
I.GO ~ At Midsoon M 
-
At Suooorts S 
_. 
1.20~ ,... 
W'· 8 
... 
-
A 
~ SJS.O 
r- - Sts.s 
I~ - S/5.0 
.... 
..... 3 
2 
2 - S/6.5 
........ 
0.80 ~~ 12 3 .... -,... 2 3 
- S/7.0 . 
- S/7.5 
- S/8.0 
I - -
I ,... 
I 
-- ..... - . -,__ ~- . 
I I 
- I 
0.40 ..... 
o~~~~~~~~~~~~~~~~~~ 
A 8 C A 8 C 
. 
BEAM 
Fig. 21 Distribution Factors for Live Load MOments at 
Midspan and Supports - 6-Beam Continuous Bridge 
-52- . 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-------------------
I 
Vl 
w 
I 
Berwick 
Brookville 
,._ 
b 
. : 
·t> 
s=·~ ~' 
~ ··~. ,.. 
A 
'. 
615;, .. 
_16 2'-o" 
~6'f'-o" 
:, .... 
'p 
I~ 
~ 
28' o" Roadway 
-
I 
'I 2 3 4 I I . I 
I I I I I 
. .a.· ..• •• t.: ,.,. 
. • ... •. : :b. : ... : •. : •• • . A ' : Jl: .. .:.. : : 
3'1 
.. 
li c 
1 . 
--·--
,. 6"1' 311 
- ~.~-
. s I -1 
. I L4 l,f~2"Min.Siob . . ::·..: 
"' .. A' 
...... ~;·.. A' . 1>.' ••••. ~ .:,.. ~-:-
• • • • • • • 0 • • •••••• 
t ... 
D • 
Parapet 
Curb 
[[]'
-...L- l 4 . . •. ·.4 .. . . 
5~~ .. 4'-o" 
3 Spa.@ s'-93/8" = 26'-4~o" 2'-o" 1'-6 1 
.I 
3Spo. (.Ill s'-to" =26'- 611 2'-o" 1'-6:· 
I 
Fig. 22 Cross Section of the Berwick and Brookville Bridges 
I 
'VI 
~ 
-.I 
• q 
1'1 
.., 
1-
M 
195.75'~ 195.75" 42.6" 51.0" 117.1211 
--
-I 
I ' 
I 
I 
I I 
I i 
I 
I 
i 
I I 
' 
783.0011 
Fig. 23 Finite Element Mesh - Berwick Bridge· 
195.7811 
--I 
0 
0 
C\.1 
0 
v 
-------------------
- - - - - - - - - - - - ·- - - - - - -
I 
Vl 
Vl 
I 
40.2511 
Node Points 
511(typlcal) 
Fig. 24 Idealization of the Cross Section - Berwick Bridge 
50--~--------~---.--------------r--_:_:_~l~es~t--~~ 
--- Analytical 
~ 0 
t-40 
z 
w 
u 
-lJ... 
- -l1..3Q w 
0 ~ I u U1 ~ 
0\ -~ I. z ~ 
Q20 t-
:::> 
m 
-0:: 
t-
~10 
0 
l-L-----~--~----------tc--~~~-ro 8 A . 
. Fig. 25 Distribution coefftcient at Section M - Berwi.ck Bridge 
---~---------------
-- -·-------- -··-------
I 
Ln 
-.J 
I 
Fig. 26 
66'-10" 
' 
""', : Midspan Line 
--- _ ~(Perpen~iculor) 
I ' I 
I ,- Midspan 
I x- Line 
I E, (Skew) 
Plan of the 45° Skew Spread Box-Beam Bridg~ - Brookville Bridge 
I 
V1 
00 
I 
II I II I 1 ....... __!.1~86~·~5·_· ----~~~---~l=-8=6.=5_11 _. .. ~1~"""~~1?..e;·l· 186.5 .. ~ 186.5 • 
1- 802.0" 
Finite Element Discretization 
Fig. 27 Finite Element Mesh - Brookville Bridge 
-------------------
- - - - - - - - - - - -· ·- - - - - - -
33'6" ( 402.0") 
10.511 (typ.) 
5"(typ.) 
5"(typ.) 
I 
43" 1 63" 
....... ...~ 
63" I 43" I .. ~ ..... ~20.5"1~ 43" .. ,... 63" 
Fig. 28 Idealization of the Cross Section - Brookville Bridge 
I 
0\ 
0 
I 
0.05 
-N 
-f= o.o4 
-
...._ 
-.._ 
z 
w u 0.93 
~ 
0 
u 
1- 0.02 z . 
w 
~ 
0 
~ 
0.01 
Fig. 29 
2 
LANE 
Curb And Parapet 
Partially Effective 
Curb And Parapet 
Fully Effective 
Field Test __ __, 
4 5 
Influence Moment Coefficients, Beam C - Brookville Bridge 
-------------------
~~~-~------~-------
I 
0\ 
1-' 
I 
0.05 
-N 
·r= 0.04 
-
-r-
z 
w 
u 0.03 
lL.. 
lb 
0 
u 
~ 0.02 
w 
~ 
0 
~ 
0.01 
Fig. 30 
2 
_,...--Analysis With . 
Curb And Parapet 
Partially Effective 
3 
LANE 
Analysis With 
Curb And Parapet 
Fully Effective 
4 
Influence Moment Coefficients, Beam D - Brookville Bridge 
\ ' 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. REFERENCES 
American Concrete Institute Committee 318, 
BUILDING CODE REQUIREMENTS FOR REINFORCED CONCRETE, 
American Concrete Institute 318-71, Detroit, 
Michigan, 1971. 
Burdette, E. G. a~d Goodpasture, D. W. 
FINAL REPORT ON FULL SCALE BRIDGE TESTING: AN 
EVALUATION OF BRIDGE DESIGN CRITERIA, 
Department of Civil Engineering, University of 
Tennessee, December 1971. 
Chen, Chiou-Horng and VanHorn, D. A. 
STATIC AND DYNAMIC FLEXURAL BEHAVIOR OF A PRESTRESSED 
CONCRETE I-BEAM BRIDGE - BARTONSV-ILLE BRIDGE, Fritz 
Engineering Laboratory Report No. 349.2, January 
1971. 
Chen, Chiou-Horng and VanHorn, D. A. 
STRUCTURAL BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM 
BRIDGE - LEHIGHTON BRIDGE, Fritz Engineering 
Laboratory Report No. 349.4, October 1971. 
Guilford, A. A. and VanHorn, D. A. 
LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A 
PRESTRESSED CONCRETE BOX-BEAM BRIDGE - BERWICK 
BRIDGE, Fritz Engineering Laboratory Report No. 
315.4, October 1967. 
Highway Research Board 
THE AASHTO ROAD TEST, REPORT 4, BRIDGE RESEARCH, 
SPECIAL REPORT 610, National Academy of Sciences, 
1962. 
Macias-Rendon, M. A. and VanHorn, D. A. 
MODEL STUDY OF BEAM SLAB BRIDGE SUPERSTRUCTURES, 
Journal of the Structural Division, Proceedings of 
the ASCE, ST9, Vol. 99, pp. 1805-1821, September 
1973. 
Schaffer, T. and VanHorn, D. A. 
STRUCTURAL RESPONSE OF A 45° SKEW PRESTRESSED CONCRETE 
BOX-GIRDER BRIDGE SUBJECTED TO VEHICULAR LOADING -
BROOKVILLE BRIDGE, Fritz Engineering Laboratory 
Report No. 315.5, October 1967. 
-62-· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
.I 
I 
